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Abstract 
Some dolomite aggregates exposed to a wet environment may decompose. The presence of sodium, magnesium, calcium and 
sulfate ions in the corrosive medium and the higher temperature can increase the rate of aggregate decomposition. 
The results of a study on the impact of defined environmental exposition to a H2O, Mg(OH)2, MgSO4, Na2SO4 solutions in 
various temperature conditions on the susceptibility to dedolomitisation processes of cement concrete made with selected 
dolomite aggregate are presented in the paper. The observation of linear extension as well as changes in compressive strength 
and surface alteration due to corrosive exposition conditions were the key diagnostic features adopted for this examination. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Cement concrete made with dolomite aggregate can be at risk of continuous expansion after presence of bulking 
products as a result of possible reactivity of dolomites in wet environment. This phenomenon was confirmed by 
observation of selected concrete structures damages and by some laboratory tests. 
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Processes of dedolomitisation are related to dolomite and dolomitic limestone aggregates [1]. The mechanism 
and reactions of dedolomitisation are known and widely described. As a result of dedolomitisation reaction, 
dolomite (Ca,Mg(CO3)2) may convert into calcite (CaCO3) or magnesite (MgCO3). According to Vierek [2] 
calcification of aggregates can be expected on contact with solutions with high Ca2+/Mg2+ ratios freely flowing in 
pores. Substitution with magnesium was expected in exposure to solutions rich in magnesium ions. 
 
Katayama [3] distinguished three possible effects to concrete prone to alkali-aggregate (AAR) reactions, as it 
follows: 
x after the alkali-carbonate reaction (ACR) of dolomites and dolomitic limestones that results in dedolomitisation. 
Deleterious ACR is most likely to be a consequence of cryptocrystalline quartz presence or clay content. It 
results in progressive deterioration of concrete due to expanding cracks, 
x after the alkali-carbonate reaction (ACR) of non-dolomitic limestones that produces reaction rims. Formation of 
reaction rims is declared as be harmless to concrete, 
x after the alkali-silica reaction (ASR) of various carbonate rocks. 
In studies on damage to concrete with various carbonate aggregates significantly increased concentrations of 
sulphate ions were found alongside calcite. The specific chemical reactions between environment, cement matrix 
and carbonate aggregate in presence of sulfate ions caused in formation of bulking products were discussed by e.g. 
Katayama [3] or Lee et al. [4]. The new forming minerals like brucite or ettringite can accumulate in the outside 
part of aggregate grains and then change the characteristics of ITZ (Interfacial Transition Zone) itself and 
subsequently influenced on properties of cement concrete made with carbonate aggregate (Katayama [3, 5], 
Štukovnik et al. [6, 7]). Lot of authors, e.g. Štukovnik et al. [6], Prinčič et al. [8], Ramachandran [9], García et al. 
[10, 11] describe destructive changes both in the carbonate aggregate itself and in cement concrete containing that 
type of aggregates caused by alkali-aggregate reaction (AAR), but some of them noticed paradox characterizing 
beneficial effect of SO42– ions presence on reduction in final shrinkage of cement mortars with carbonate aggregate. 
Additionally, Chang et al. [12] after Chatterji [13] noticed that the temperature above 50ºC can either stimulate 
destruction of the carbonate aggregate concrete or protect it by destruction of the hydrated crystalline forms of DEF 
(Delayed Ettringite Formation) or hydro-carbonates. 
 
Author’s previous results of research on the destruction of dolomite aggregate exposed to a corrosive 
environment with the defined concentration of magnesium ions and temperature were reported in [14]. This paper 
presents the results of following studies on the impact of corrosion exposition on the some noticeable changes in 
dolomite aggregates and on the impact of defined environmental exposure on durability of cement concrete 
prepared with examined aggregate in comparison to ordinary cement concrete made with gravel aggregate. 
 
Nomenclature 
D1 dolomite aggregate Rudawa quarried in Devonian formation, found near Kraków, Poland 
G gravel aggregate Dwudniaki, found near Tarnów, Poland 
H exposition to demineralised water 
M exposition to a saturated magnesium hydroxide solution 
S exposition to a magnesium sulfate solution 
Sn exposition to a sodium sulfate solution 
20 continuous cycles of soaking at laboratory temperature conditions t=20±2ºC 
60 wetting-drying cycle contained of one-week of soaking at t=20±2ºC and one-week of drying at t=60±2ºC 
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2. Materials and methods 
The materials used in this investigation were locally sourced and they satisfied the requirements of respective 
Polish Standards: PN-EN 12620+A1:2010P [15], PN-B-19707:2013-10P [16], PN-EN 196 [17]. 
2.1. Properties of examined materials – characteristics of studied dolomite aggregate 
Two aggregates, named in nomenclature part, were selected for this study. Two commercial granularities were 
selected to cover desire 2-16 mm range. 
 
The results of petrographic examination using X-ray diffraction, including a quantitative determination of the 
mineral composition of dolomite aggregate (D1), are presented in the Table 1 and 2. The key physical properties 
checked for this aggregate are: water absorption WA24=0.74% and density – 2.79 g/cm3. 
 
Table 1. Mineral composition of examined dolomite aggregate D1. 
Component calcite dolomite quartz clay pyrite 
 21.7% 74.6% 1.4% 2.2% 0.1% 
 
Table 2. Composition of clay minerals in examined dolomite aggregate D1. 
Component clay kaolinite illite/smectite illite talc 
 2.2% small amount small amount insignificant lack 
 
The gravel aggregate (G) was sourced at ZEK KRUSZGEO SA (Poland) and was used for preparing concrete 
prisms for a control group. 
2.2. Properties of examined materials – characteristics of cement 
The examined concretes were made with cement CEM I 42.5R NA/MSR, whose chemical, physical and 
mechanical features are shown in a Table 3. 
 
Table 3. Chemical and physical properties of CEM I 42.5R NA/MSR. 
Chemical component Content [% m.s.] Physical property  
CaO 64.89 Compressive strength – 2 days 21.4 N/mm2 
SiO2 21.60 Compressive strength – 28 days 56.4 N/mm2 
Al2O3 3.44   
Fe2O3 3.50 Flexural strength – 2 days 3.8 N/mm2 
SO3 2.71 Flexural strength – 28 days 8.3 N/mm2 
MgO 0.76   
Na2Oeq 0.32 Blain specific surface area 3164 cm2/g 
Cl– 0.018   
2.3. Properties of examined materials – concrete proportions and specimen preparation 
The impact of the defined exposure conditions on the dedolomitisation processes and changes in compressive 
strength were investigated for concrete matrix composition, as it is shown below: 
x Cement: CEM I 42.5R NA/MSR 360 kg/m3, 
x Water 180 kg/m3, 
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x Aggregate 2/8 622.5 kg/m3, 
x Aggregate 8/16 622.5 kg/m3, 
x Bukowno sand (Poland) 620 kg/m3. 
Both types of aggregates in granularities of 2-16 mm were used separately. 
 
The beams of size 10×10×50 cm were formed with concrete matrix. After 28 days of curing and 2 months of 
conditioning in laboratory conditions, the beams were cut into prisms with a size of 4×4×16 cm and stored in 
laboratory for two years prior to testing [14]. 
2.4. Corrosive exposure conditions 
A dolomite aggregate can react in environment containing sodium, calcium, magnesium and sulfate ions or 
combination of them. This investigation is concentrated on effect of strictly defined environmental conditions on 
processes which are related to dedolomitisation of specific dolomite aggregate in cement matrix concrete. 
 
The corrosive environments applied on the concrete prisms included: 
x demineralised water with calcium and magnesium ion concentration below the measuring capabilities of 
laboratory equipment  H, 
x saturated Mg(OH)2 solution M, 
x 5% MgSO4 solution  S, 
x 5% Na2SO4 solution Sn. 
At first, all concrete prisms had been soaking in defined solution for three months. After that all the examined 
samples were divided into two groups. One group was exposed respectively to an H, M, S, Sn solution at constant 
temperature of 20±2ºC (20), while the other group was exposed to wetting-drying cycles containing one week of 
drying at 60±2ºC and one week of soaking to the defined solution at temperature of 20±2ºC (60). Each corrosive 
solution was changed every 28 days. 
 
In the beginning, seven samples were examined in each variation of solution/temperature combination. Concrete 
samples made with the use of various aggregates were tested in parallel. 
2.5. Diagnostic features 
The main diagnostic features adopted for this test were changes in linear dimension of the samples as a function 
of the corrosive environment conditions. The linear dimension changes were to be measured every 28 days until 
first visible damages would be observed. That moment in time, the specific samples were examined in an optical 
microscope and tested for compressive strength. The samples were also weighed in the time of the extension 
measurements. 
3. Results 
3.1. Linear extension of concrete prisms 
The concrete prisms made with dolomite (D1) and gravel (G) aggregates, respectively, were exposed to the 
conditions described in 2.3. 
 
Dependence of the average linear dimension changes of the concrete samples as a function of corrosive 
environment conditions and exposure time is shown in Fig. 1. 
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Fig. 1. Average dimension changes as a function of aggregate type, corrosive conditions and time of exposition. 
Abbreviations are described in Nomenclature part. 
As it was expected, the linear extension was dependent on the type of examined aggregate and variation of 
corrosive/temperature conditions. For all examined concrete samples, there were negligible differences in shape of 
the linear extension graph observed for H and M solution. More significant linear dimension changes were 
observed for S conditions during first six months – initial great increase in obtained curve was continued by sudden 
slope. After that time, the incremental progress in linear extension was noticed for samples exposed to S_20 
conditions. The level of linear extension obtained for S_60 conditions was more or less stable after 6 months of 
corrosive examination. 
 
The corrosive exposition conditions marked as Sn_20/60 were found more harmful for cement concrete made 
with gravel aggregate in comparison to cement concrete made with dolomite aggregate (D1). Although there were 
observed incremental increase in values of linear extension for all examined concrete prisms they limited in wide 
range e.g. D1_Sn_20 in 0.20 mm/m, D1_Sn_60 in 0.40 mm/m, G_Sn_20 in 0.35 mm/m, G_Sn_60 in 0.70 mm/m. 
3.2. Alteration observed in optical microscopy 
Before examination of compressive strength all concrete samples were observed under the optical microscope. 
The exemplary results are presented in Fig. 2. 
As it was expected, corrosive environment of demineralised water (H) and saturated magnesium solution (M) 
affected cement matrix. Corrosive exposition conditions of demineralised water caused leaching in all concrete 
samples. Solution of saturated magnesium hydroxide resulted in changes of cement matrix after formation of jelly 
forms of brucite. 
 
More significant changes in outer part of concrete samples were observed for each sulfate solution. Discussing 
impact of magnesium sulfate solution on visible changes in concrete surface, it may be noticed that S_20 condition 
resulted in formation of bulking products of dedolomitisation reaction in dolomite aggregate D1. Contrary, cement 
678   Dominika Dębska /  Procedia Engineering  108 ( 2015 )  673 – 680 
concrete samples made with dolomite aggregate D1 suffered more after corrosive exposition to Sn solution in 
wetting-drying cycles. In this case (D1_Sn_60), isolated cracks in ITZ were to be observed. 
 
All visible changes like presence of cracks or changes in cement matrix noticed to cement concrete samples 
made with gravel aggregate were characteristic for magnesium or sodium sulfate attack to ordinary cement 
concrete. 
 
 D1_20 D1_60 G_20 G_60 
H 
    
M 
    
S 
    
Sn 
    
Fig. 2. Surfaces alteration of concrete prisms as a function of corrosive exposition conditions. Time of corrosive exposition – 2 years.  
(a) D1_20_H ; (b) D1_60_H ; (c) G_20_H ; (d) G_60_H ; (e) D1_20_M ; (f) D1_60_M ; (g) G_20_M ; (h) G_60_M ; 
(i) D1_20_S ; (j) D1_60_S ; (k) G_20_S ; (l) G_60_S ; (m) D1_20_Sn ; (n) D1_60_Sn ; (o) G_20_Sn ; (p) G_60_Sn ; 
Magnitude 10×. Abbreviations are described in Nomenclature part. 
3.3. Compressive strength 
At the end of corrosion investigations, examined concrete samples were tested to obtain compressive strength. 
Serie1 was checked out after 1 year, Serie2 after 1.5 year and Serie3 after 2 years of corrosive exposition. Serie4 
shows values obtained for reference concrete prisms stored in laboratory conditions. The results of the examination 
are shown in Fig. 3. 
 
Analyzing the results of strength changes, it may be considered that obtained values are strongly dependant on 
aggregate type (D1, G) and combination of corrosive exposition conditions. 
 
As it is shown in Fig. 3., long-term exposition to the environment of demineralised water (H) and saturated 
magnesium hydroxide (M) resulted in similar changes in compressive strength for cement concrete prisms made 
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with examined dolomite aggregate D1. This phenomenon may be related to the low concentration of Mg2+ ions in 
saturated Mg(OH)2 solution. 
 
  
  
Fig. 3. Compressive strength changes due to concrete composition and exposition conditions. 
Abbreviations are described in Nomenclature part. 
Long-term exposition to the MgSO4 solution (S) caused enhance in compressive strength for concrete prisms 
made with D1 aggregate stored in laboratory temperature only, although the bulking/destructive products of 
aggregate dedolomitisation are presented in these prisms only and linear extension was limited on value of 0.20 
mm/m. In this case, first visible changes looked like rims. 
 
Irrespectively to the used aggregate, the slope in obtained fc values was noticed for concrete prisms exposed to 
the Sn_60 conditions. It is significant, that first cracks on the surfaces were marked when linear extension exceeded 
value of 0.35 mm/m. 
4. Conclusion 
The investigations revealed that the examined aggregate D1 sourced near Kraków, Poland was prone to release 
calcium and magnesium ions during exposition time to the liquid environment. The ions concentration and 
intensity of solubility processes were found strongly dependant on temperature conditions. 
 
As it was expected, the environment containing the Na+/Mg2+ and SO42– ions was more aggressive to the 
concrete made with dolomite aggregate D1 in comparison to H or M solution. 
 
As it was figured out in Introduction part, according to Katayama [3], the results of reaction between dolomite 
aggregate D1 in cement concrete and external corrosive conditions were manifested in progressive deterioration of 
concrete due to expanding cracks or in formation of reaction rims which is declared harmless to concrete. 
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Enhance of strength properties was observed to cement concrete samples made with dolomite aggregate under 
various sulfate aggression. The possible explanation to observed phenomenon is in surface alteration after presence 
of non-expansive alkali-carbonate reaction products. The similar effect was described by Štukovnik et al. [6, 7]. 
 
The changes noticed for the control group prepared with G aggregate were characteristic to the destruction 
observed for ordinary cement concrete under various sulfate condition [18]. 
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